L and contaminated by current or historical industrial activity is common in many countries, and the influence of soil pollutants on the environment often causes concern. It has been recognised that not only may the quality of the environment suffer as a consequence of the pollution, but there may also be specific problems for human health associated with contaminated land, as well as a consequent economic burden. 1 During recent decades it has become increasingly obvious that the kidney is adversely affected by an array of chemicals. 2 Human exposure to (nephrotoxic) chemicals may result from industrial emissions and other environmental pollution, from several naturally occurring substances as well as from medicines. Some of these chemicals may cause acute injury to the kidneys, whereas others may result in chronic renal damage and eventually end stage renal failure. For example, a recent Swedish study showed excess risk of end stage renal disease (ESRD) in a population living in the vicinity of cadmium emitting battery plants. 3 A paper by Staples et al, in this issue of Occupational and Environmental Medicine, reports on signs of kidney tubular dysfunction in persons exposed to hexachlorobutadiene (HCBD). 4 The findings raise several issues, which are important for the assessment of environmental health risks in general and for kidney disease risk in particular.
Firstly, it is very important to consider the potential exposure pathways. A common misconception is that soil concentration of a toxic substance equals human exposure. Exposure may be defined as "the contact of a chemical, physical, or biological agent with the outer boundary of an organism". 5 Exposure is often defined as a function of concentration and time:
"An event that occurs when there is contact at a boundary between a human and the environment with a contaminant of a specific concentration for an interval of time" 6 Thus, the key word is "contact". Direct contact between toxicants in soil and human "boundary" is possible via ingestion, for example via hand to mouth behaviour or so-called pica (eating of substances other than food), which is not uncommon among young children. Exposure may also occur via intake of drinking water from private boreholes or inhalation of dust particles or gases emanating from the contaminated land. Another possible exposure pathway is via intake of vegetables grown on contaminated land. This has been shown in areas polluted by heavy metals (cadmium in particular) in Belgium, where there was a correlation between cadmium in soil, in selected vegetables, such as celery and beans, and urinary cadmium level, which is a good indicator of long term cadmium exposure. 7 There was also an inverse correlation between cadmium in soil and vegetables, and kidney function, assessed by creatinine clearance.
Secondly, other exposures also need to be taken into consideration. Commonly, contaminated land is a result of past or ongoing industrial activity, resulting in emissions to air and/or water, which in turn lead to land contamination. Another possibility is the storing of toxic waste in landfill sites, from which toxicants may escape into the ambient air or water. For example, Halton Borough, described in the paper by Staples et al, is indeed located in a heavily industrialised area, where emissions of several known nephrotoxicants, such as mercury and lead, have taken place over a long period of time. Thus, the population in the area has most likely been exposed to a mixture of renal toxicants over a long period of time, including potential exposure from landfill sites containing industrial waste. There is almost no information on kidney effects resulting from human exposure to multiple chemicals. 2 This is a major problem, since people living in industrial areas are generally exposed to more than one substance, not only related to the environment, but also via individual intake of food and medicines.
Thirdly, it should be noted that although markers of tubular dysfunction may be good indicators of early kidney damage, they are not specific to any particular exposure. Such markers may be elevated for a number of reasons, including environmental or occupational exposure as well as infections and medicine intake. It is thus important to assess individual exposure to all potential causative agents, in order to draw the correct conclusions.
Is land contamination a cause for concern in relation to renal disease? This will depend on the toxic properties, the exposure pathways, and the dose absorbed by the exposed population. It is clear that for some persistent chemicals, such as heavy metals, there may indeed be cause for concern. Cadmium is of particular concern, because of the very long biological half life (10-15 years) which means that also relatively low daily intake for a long time, may result in a body burden where renal dysfunction begins to appear. This has been recognised by the European Union, which is currently evaluating recent studies to assess whether low level cadmium exposure may cause renal damage at lower levels than previously anticipated. 8 Furthermore, since cadmium is readily taken up by a variety of grain and vegetables, crops grown on cadmium contaminated land may be a source of human exposure. For other renal toxicants, the exposure pathway may be more difficult to establish, but there are certainly examples of human exposure related to land contaminated by other heavy metals, such as lead and mercury.
Renal tubular dysfunction may progress to glomerular dysfunction and ESRD, which is a major public health problem, causing both suffering to the affected individuals and a severe burden on health services providing dialysis and kidney transplantation. Data on human health effects associated with exposure to most renal toxicants are sparse. Considering the potentially large effects on public health, there is a need for further research, in particular on low level exposure to persistent chemicals and the potential progress of tubular dysfunction to more severe kidney disease. There is also a need to investigate effects associated with combined exposure to two or more renal toxicants, a research area that is virtually unexplored.
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